Abstract
Introduction
Several studies have shown the deleterious effects of exposure to air pollution on human health. Olmo et al. 1 list the main Brazilian and non-Brazilian studies that show the association between exposure to air pollution and human morbidity. These studies also show the association between exposure to air pollution and human mortality.
Two recent national studies conducted in a medium-sized city, show the effects of exposure to pollutants from data collected from ischemic heart disease hospitalizations 2 as well as data collected from hospital mortalities, due to respiratory diseases 3 .
Among cardiovascular diseases, stroke is a common syndrome in adults. Stroke is also a major cause of human morbidity and mortalities, worldwide. In 2008, more than 90,000 hospital admissions, due to stroke, were reported in Brazil. There are 21,000 records of hospital admissions, due to stroke, in the State of São Paulo alone (Departamento de Informática do SUS. http://www. datasus.gov.br, accessed on 10/Nov/2000); mortality rates in the same year were 88,000 nationwide for Brazil and 19,000 for the State of São Paulo (Departamento de Informática do SUS. http://www. datasus.gov.br, accessed on 10/Nov/2000).
In a time-series study using stroke hospitalization reports, an association has been demonstrated between air pollution and stroke hospitalizations. This time-series study indicated that the air pollutants of particulate matter and nitrogen dioxide were responsible for both ischemic and hemorrhagic stroke hospitalizations 4 . Another study of Medicare recipients, demonstrated the role of particulate matter in the genesis of ischemic stroke. However, the results of the same study also concluded, that particulate matter was not a factor in cases of hemorrhagic stroke 5 . Both studies included daily levels of air pollution in lags up to 2 days before hospital admissions. A study developed in Sweden shows an associated risk between exposure to particulate matter and hospital admissions. The same study showed that there was a 13% increase in this risk when particulate matter concentrations were above 30µg/m 3 6 . Another study in Canada, demonstrated that exposure to air pollution was associated with hospital admissions, particularly in regards to hemorrhagic strokes 7 .
The lag structure approach has been used to study the effects of pollutants at the onset of strokes. It has also been used in other studies of heart 2, 8 and respiratory disease 9 . The lag structure approach is used, because exposure to air pollutants may not only be evident on the same day of the onset of the stroke, but also in the previous days before stroke hospitalizations.
The aim of this study was to assess the levels of pollutant particulate matter under 10 microns in diameter (PM 10 ), sulfur dioxide (SO 2 ) and ozone (O 3 ) in the genesis of stroke associated hospital admissions in the city of São Jose dos Campos, São Paulo, Brazil.
Methodology
This is an ecological time-series study using data collected from stroke associated hospital admissions in the city of São Jose dos Campos, São Paulo State, Brazil.
The stroke diagnosis used, is in accordance with the International Classification of Diseases, 10 th revision, codes I60 to I64.
Study area
This study was conducted in São José dos Campos, a medium-sized city located 80km from São Paulo, between two mountain ranges. The population of São José dos Campos is approximately 700,000 inhabitants. São José dos Campos is located at an altitude is of 600m above sea level and it is geographically located at latitude 23º11' S and longitude 45º53' W. The city has around 1,100 industrial establishments, with emphasis on automobile manufacturing, aerospace and pharmaceutical industries, and oil refinery. São José dos Campos is crossed by the Dutra Highway. This is the most important highway in Brazil. The Dutra Highwayis particularly noted for having heavy truck and bus traffic. 
Data collection

Data analysis
A database was built with daily data consisting of stroke associated hospital admissions, estimated levels of each indicated pollutant and climate variables. The study took into consideration lags of zero, one and two days. The generalized linear model (GLM) of Poisson regression was chosen because hospital admissions are a discret counting event. The generalized linear models were first introduced by Nelder & Wedderburn 10 and include the models of simple and multiple linear regressions, logistic regression, Poisson regression and many others, such as log-linear models for categorical data.
The basic ingredient of each of these models is a monotonic and differentiable function g. If g is the logarithmic function, and if Y, the response variable, has a Poisson distribution, then, the resulting model is the Poisson regression model. Among other applications, the Poisson regression model is commonly used to assess the effects of pollution 11 . In this model, if βi is a coefficient obtained by Poisson regression, then exp(Δβi) represents the relative risk of occurrence of an event of interest (e.g. death or hospitalization).
The daily number of stroke-related hospital admissions was considered to be the dependent variable in the generalized linear Poisson regression models and the concentration of the pollutants was considered to be the independent variable. After conducting sensitive analyses, four degrees of freedom (d.f.) were adopted to smooth out the time trend. The number of d.f. for the natural spline of time trend was selected to minimize the autocorrelation in the residuals and the Akaike Information Criterion (AIC).
Assuming that the effect of temperature observed for respiratory diseases, presents the same pattern in stroke cases, linear terms were used to control the effects of temperature and humidity on the number of stroke-related hospital admissions. The lag structures between air pollution and health have been analyzed, using different approaches and time lags. In this study, the lag structure was tested from 2 to 0 days before hospital admission, using a third-degree polynomial distributed lag model. The model imposes constraints, but gives enough flexibility to estimate a biologically plausible lag structure, and allows for better control of multicollinearity than the unconstrained lag model.
The models were built with a single pollutant (single model), and the three pollutants simultaneously (multi-pollutant model) adjusted for maximum temperature and relative humidity. Stata, version 9 (Stata Corp., College Station, USA), was used for the statistical analysis.
The results were expressed as a relative risk estimate. The percentage increase in risk (PIR) for stroke hospitalization was considered, according to a 10µg/m 3 increase (Δ) of PM 10 concentration, in accordance with the expression; PIR (%) = (exp (coeff *Δ) -1), with coeff being the coefficient obtained by Poisson regression.
Results
The period of study was 487 days, during which, there were 407 hospitalizations due to stroke, with a daily average of 0.84 hospitalizations (SD = 0.96). The PM 10 daily average was 24.4µg/m 3 (SD = 12.0). The SO 2 daily average was 3.2µg/m 3 (SD = 3.1). The O 3 daily average was 85.5µg/m 3 (SD = 36.2). The average daily humidity was 87.5% (SD = 6.4). The average daily maximum temperature was 29.1ºC (SD = 3.5). Table 1 shows that the pollutants have a strong correlation between themselves and between climatic variables.
There were 88 non-consecutive missing data entries for SO 2 (17.5 %) six missing data entries for PM 10 3 . Table 2 shows the relative risk and 95% confidence interval obtained by coefficients of Poisson regression, with the single pollutant model and the multi-pollutant model, on the same day (lag 0), with a lag of one day (lag 1) and a lag of two-days (lag 2). Particulate matter was the only pollutant associated with stroke hospitalization in both the single pollutant model and the multipollutant model, on concurrent days (lag 0). Sulfur dioxide lost its statistical significance in the multi-pollutant model. It can be observed that the relative risk for hospitalization due to stroke is approximately 2%.
Discussion
To the best of our knowledge, this is the first study in Brazil, on the association between environmental pollutants and hospital admissions for ischemic stroke, hemorrhagic stroke and stroke in unspecified categories. The study used data from DATASUS, as in other studies 2, 8, 9, 12 .
This study did not discriminate according to the hemorrhagic and ischemic stroke categories as described by Tsai et al. 4 and Wellenius et al. 5 . The option to use linear models in place of additive models is due to the fact that Conceição et al. 13 demonstrated that there was little difference Table 1 Pearson correlation coeffi cients between air pollutants, weather conditions and hospital admission duringthe study period. in the estimated values in cases of hospitalization due to respiratory diseases. This type of approach (the generalized linear model), was used successfully to estimate the role of exposure to pollutants generated by burning biomass in hypertension hospitalizations 14 .
In our study, ozone concentrations exceeded the acceptable value of 160µg/m 3 on 16 occasions for 21 days in PM 10 , whose values are of 50µg/m 3 and SO 2 and do not exceed the values recommended by the National Council of the Environment (Conselho Nacional do Meio Ambiente -CONAMA. http://www.mma.gov.br/port/ conama/legipesq.cfm?tipo=3&numero=03&ano= 1990&texto=, accessed on 20/Oct/2011).
When analyzed, in the single pollutant model, on the concurrent day (lag 0), stroke hospitalizations were associated with exposure to SO 2 and PM 10 . However, in the single pollutant model, when lags of one day (lag 1) and two days (lag 2) were considered, stroke hospitalizations were not associated with exposure to SO 2 and PM 10 . When analyzed in the multi-pollutant model, on the concurrent day (lag 0), stroke hospitalizations, were only associated with exposure to PM 10 . This probably occurred, because particulate matter and sulfur dioxide tend to be highly correlated, a fact that occurs with the concentrations of SO 2 and PM 10 found in São José dos Campos. On the other hand, recorded stroke hospitalizations strongly correlated with the concentrations of PM 10 .
The increased relative risk of hospitalization for stroke was around 12% due to an increase in the concentration of 10µg/m 3 . It should be noted that concentrations of PM 10 are relatively spatially homogeneous, within a metropolitan area and environmental factors measured from a central location, correlate well with personal exposure.
The findings of the effects of this pollutant in stroke hospitalizations coincides with the findings of hospitalizations for respiratory and cardiovascular diseases in adults reported in other studies conducted in São Paulo 8, 13 .
In a study conducted in Taiwan 4 , where the average concentration of PM 10 was three times higher, and the average concentration of SO 2 was seven times higher than concentrations reported in São José dos Campos during this study, the effects of these pollutants were also associated with stroke hospitalizations.
In a North American study 5 , where the average concentration of PM 10 was similar to those concentrations found in São José dos Campos, ischemic stroke hospitalizations were associated with exposure to this pollutant on concurrent days (lag 0), but not in the two previous days (lag 1) and (lag 2). Findings from this American study, showed that exposure to PM 10 were not associated with hemorrhagic stroke. But, exposure to particulate matter was associated with a 52% increase in the risk of death, for patients who had stroke 15 .
The mechanisms that can lead to the genesis of stroke might be associated with one or more of the following conditions; systemic inflammatory response, increased fibrinogen, the Von Willebrand factor and activity of the autonomic nervous system. Possible limitations of this study may be related to the misclassification and coding of stroke diagnosis, unrecognized occurrence of stroke and non-hospitalized individuals, with the onset of stroke symptoms in the days prior to admission.
There was no measurement of individual exposure to pollutants, because it was an environmental study. Furthermore, no information was obtained in regards to smoking or indoor pollution.
The missing data entries on pollutant concentrations were not relegated to only one specific time period, but were distributed throughout the entire study period, possibly compromising the results. The pollutant with the highest number of missing data entries was SO 2 .
The use of GLM in place of the GAM may also have affected the study, because the GAM incorporates information about seasonal changes and trends between meteorological variables and hospital admissions. GLM requires a smaller number of explanatory variables and detects a greater number of associations 13 .
Another limitation of the data analysis is, that incidence of stroke is considered a rare event. During this study, there were many days with zero stroke hospitalizations.
The results presented in this study represent an approximation of the quantitative impact of air pollution on human health. It is important to note, that the outcomes studied here, were a result of stroke hospitalization data. Hospitalizations due to stroke are just one of the many effects caused by air pollution. This study used secondary data to calculate the coefficients and relative risks in stroke hospitalizations resulting from the increased level of air pollution observed. The data used here is from stable and reliable sources. Data from these sources is widely used in scientific and technical work.
In regards to data collected from stroke hospitalization records in the public health care system, the results presented here reflect the effects of air pollution on the population that uses this system, which accounts for a majority of the Brazilian population.
It is important to point out, that even at concentrations below, those recommended by CONAMA (http://www.mma.gov.br/port/ conama/legipesq.cfm?tipo=3&numero=03&an o=1990&texto=, accessed on 20/Oct/2011), one can associate an increased incidence of stroke hospitalizations with exposure to elevated concentrations of PM 10 . This is an environmental concern of much gravity and incurs enormous financial and social costs.
It is hoped that the data presented here, serves as a tool of better understanding, in regards to the impact of air pollution on human health. 
Resumo
